INTRODUCTION
Brassicaceae the mustard family is a large plant family comprising 3,700 species spread over 338 genera 1 . The family has a worldwide distribution, but is mostly found in the northern temperate regions and is strikingly diverse around the Mediterranean region. Numerous vegetable and flavoring plants of this family are of major interest for human health and nutrition, and thereby have economic importance 2 . Members of this family are distinctive in having a pungent flavor and sulphury odor due to the volatile isothiocyanate derivatives, obtained upon hydrolysis of glucosinolates 3 6 . Brassica rapa cv. yukina is a variety from plants and are an important class of odor-active compounds, owing to their extremely low odor threshold. Depending on concentration, some of these volatiles can be responsible for off-flavors. In strawberry samples analyzed using a pulsed flame photometric detector PFPD , VSCs included methyl thiopropionate, ethyl thiobutanoate, methyl thiohexanoate, methyl methylthio acetate, ethyl methylthio acetate, methyl 2-methylthio butyrate, methyl 3-methylthio propionate, ethyl 3-methylthio propionate, and methyl thiooctanoate 8 . Accordingly, VSCs in B. rapa cv. yukina were also evaluated using a PFPD. In flavor analysis, gas chromatography-olfactometry GC-O is the most used method for evaluation of odorants; in particular, GC-O including aroma extract dilution analysis AEDA has been used for estimating the contribution of the most odor active compounds. AEDA is a useful method for obtaining desirable results on odor active compounds through sniffing analysis. Volatile compounds can be ranked according to odor potency by sniffing serial dilu-tions of the volatile oil 9 . The odor potency is expressed as the flavor dilution factor FD-factor . The FD-factor is the ratio of the initial concentration of a compound to the most diluted concentration in which the odor could be detected by GC-O. The aim of this study is to investigate the characteristic odor components of the volatile oil using the AEDA method.
The role of free radicals in many disease conditions has been well established. Several biochemical reactions in the human body generate reactive oxygen species that are capable of damaging crucial bio-molecules. If these molecules are not effectively scavenged by cellular constituents, they lead to disease conditions. The harmful action of free radicals can be blocked by antioxidants, which scavenge the free radicals and detoxify the body. Several plant extracts and different classes of phytochemicals have been shown to possess antioxidant activity. The search for newer natural antioxidants, especially of plant origin, has increased recently 10 . With increasing interest in the function and diversity of antioxidants in foods, several rapid methods for in vitro measurement of antioxidant activity of food, beverages, and biological samples have been developed 11 . Among these, the oxygen radical absorbance capacity ORAC assay has gained much attention because it deals with peroxyl radicals, which are the most abundant radicals in biological systems. The ORAC assay considers both the inhibition time and the inhibition degree as the reaction nears completion and directly estimates the chain-breaking antioxidant activity 12 . Recently, the ORAC assay has been improved by using fluorescein ORAC-FL instead of β-phycoerythrin as the fluorescent probe 13, 14 .
The purpose of this work is to present the chemical composition and aroma active components of volatile oil from aerial parts of B. rapa cv. yukina , and to as determines the range of variability of the oxygen radical scavenging activity by the ORAC-FL. The findings of this study contribute to enhancing knowledge of B. rapa cv. yukina as an antioxidant food for human use.
EXPERIMENTAL PROCEDURES

Plant materials
The aerial parts of Brassica rapa cv. yukina were harvested from Yamagata Prefecture, Japan in March 2012. Identification of the plant was performed in the biotechnology laboratory at Kinki University. A voucher specimen was deposited at the biotechnology laboratory of Kinki University in Osaka, Japan.
Chemicals
Trolox 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid , AAPH 2,2 -azobis 2-amidinopropane dihydrochloride , and fluorescein sodium salt were purchased from Sigma Aldrich Tokyo, Japan . β-Cyclodextrin was obtained from Cyclocem Hyogo, Japan .
Isolation of the volatile oil
One kilogram of fresh aerial parts of B. rapa cv. yukina were hydrodistilled using a Likens-Nickerson-type apparatus Osaka Rikou, Osaka, Japan and diethyl ether to yield 0.013 w/w of yellow oil, which was dried over anhydrous sodium sulfate prior to analyses.
Gas Chromatography-Mass Spectrometry GC-MS
GC-MS used an Agilent 6890 gas chromatography-5973 MSD mass spectrometer. The sample was analyzed on a fused-silica capillary column HP-5MS 5 phenyl 95 polydimethylsiloxane, 30 m 0.25 mm i.d., film thickness 0.25 μm and DB-WAX polydimethylsiloxane 15 m 0.25 mm i.d., film thickness 0.25 μm . The oven temperature was programmed from 40 to 260 at rate of 4 /min and held at 260 for 5 min. The flow rate of carrier gas He was 1.8 mL/min. On DB-WAX, the column temperature was programmed from 40 to 240 at 4 / min and held at 240 for 5 min. The injector and transfer line temperature were 230 , and the ionization energy was 70 eV. The mass range was 39-450 amu. After dissolving 6 mg of the oil with 500 μL of diethyl ether, 1 μL of the dilution was injected, and the split ratio was 1:40.
GC-pulsed ame photometric detector GC-PFPD
VSC analysis was performed using the same coupled Agilent Technologies 6890-5973 system as above equipped with a sulfur-specific PFPD model 5380 PFPD, OI Analytical Co., College Station, TX . The GC conditions were the same as those used for GC-MS.
Identi cation of compounds
Identification of the volatile oil components was performed by comparison of their relative retention times with those of authentic samples or by comparison of their retention indices RIs relative to those of the series of n-alkanes C 8 -C 29 . Computer matching against commercial 15, 16 and homemade library mass spectra comprised pure substances and compounds of known oils, and MS literature data were also used for identification. The quantitative composition of the oil was analyzed by GC-FID by assuming the total of the oil to be 100 . Quantitative analysis of aroma-active components FD ≥ 1 of the oils was performed on the basis of calibration curves for dimethyl disulfide 1 , furfural 3 , methional 6 , benzaldehyde 9 , dimethyl trisulfide 10 , 2-acetylthiazole 12 , phenylacetaldehyde 14 , 3-methylindole 24 , and 2-phenylethyl isothiocyanate 26 within the concentration range 0.5-1000 μg/mL. Because of the lack of a proper standard, thiiranepropanenitrile 16 , and dimethyl tetrasulfide 19 were quantified using the calibration curves of 2,6-dimethylphenyl isothiocyanate and the volatile oil from Brassica rapa cv. "yukina" 4,5-dimethylthiazole. The weight-percent of each compound was calculated using the FID response factor.
Snif ng test by GC-MS/Olfactometry
Sensory evaluation by a trained panel was used to discriminate the intensities of the main aromatic characteristics of the oil extracted from the aerial parts of B. rapa cv.
yukina . B. rapa cv. yukina was evaluated by a panel of 10 members, aged 22 to 54 years 8 males and 2 females, all members of Kinki University . Sniffing test by GC-O was conducted using an Agilent Technologies-6890N gas chromatograph equipped with an Agilent 5973 MSD mass spectrometer and a sniffing port ODP 2 Olfactory Detector Port 2, Gerstel . The GC was equipped with a HP-5MS 30 m 0.25 mm i.d., film thickness 0.25 μm . The sample was injected into the GC in the splitless mode. The GC effluent from the capillary column was split 1:1 v/v between the mass spectrometer and the sniffing port. The oven conditions, injector and transfer line temperatures, the carrier gas, flow rate, and ionization mode were the same as for GC-MS described above.
Aroma extract dilution analysis
The highest sample concentration 10 mg/mL was assigned an FD-factor of 1. The volatile oil was diluted stepwise using diethylether 1:1, v/v , and aliquots of the dilutions 1 mL were evaluated. The process was stopped when no aroma was detected by the assessors. The result was expressed as the FD-factor, which is the ratio of the concentration of the odorant in the initial volatile oil to its concentration in the most diluted volatile oil in which the odor is still detectable by GC-O 17 20 . An odorant with high FD-factor can be considered as an important contributor to the characteristic flavor.
ORAC assay
The ORAC method using with fluorescein FL as the fluorescent probe was described in previous literature 21 23 .
The automated ORAC assay was carried out an MTP-800AFC Corona Electric Co., Ltd., Hitachinaka, Japan with fluorescence filters for an excitation wavelength of 480 nm and an emission wavelength of 540 nm. Measurements were obtained on a plate with 96 black flat-bottom wells Greiner Bio-One, Frickenhausen, Germany . The reaction was performed at 37 since it was initiated by thermal decomposition of AAPH in 75 mM phosphate buffer pH 7.4 . The fluorescein stock solution was made using 75 mM phosphate buffer pH 7.4 and stored under dark conditions at 4 for four weeks. AAPH and trolox solutions were prepared daily using 75 mM phosphate buffer pH 7.4 . The samples were dissolved in 50 acetone, and the resultant mixture was incubated for 1 h at room temperature while being continuously stirred.
The reaction was performed using 75 mM phosphate buffer pH 7.4 and the final assay mixture 200 μl contained fluorescein 160 μl: 63 nM final concentration as an oxidizable substrate, AAPH 20μl: 12.8 mM final concentration as an oxygen radical generator, and antioxidant 20 μl: either trolox 0.78-50 μM, final concentrations or samples 100 μg/ml, final concentration . The reaction was performed at 37 and fluorescence was recorded every minute for 120 min. A blank control using phosphate buffer instead of the antioxidant was employed in each experiment. All reaction mixtures were prepared in duplicate, and at least three independent runs were performed for each sample. Fluorescent measurements were normalized to the curve of the blank no antioxidant . The ORAC values, expressed as μM trolox equivalents μmol TE/g , were calculated by using the following formula:
where C Trolox is the concentration μM of trolox 5μM , C Sample is the concentration g/L of the sample, and AUC is the area below the fluorescence decay curve of the sample, blank, and trolox as indicated by the subscript , calculated by applying the following formula:
where f 0 is the initial fluorescence and f n is the fluorescence at time n.
RESULTS AND DISCUSSION
Volatile chemical composition
The yield of the volatile oil from Brassica rapa cv. yukina was 0.013 w/w . Peak identification and relative amounts of the various compounds present in the volatile fraction are provided in . Consequently, 50 compounds accounting for 96. 6 of the volatile oils extracted from B. rapa cv. yukina were identified. The classification of the oil on the basis of functional group is summarized 16 hydrocarbons, 10 nitriles, 7 isothiocyanates, 3 sulfides, and 14 miscellaneous compounds. in Table 2 .
Sulfur volatiles have an important role in many plant flavors. A PFPD chromatogram of sulfur volatiles from B. rapa cv. yukina is shown in Fig. 1 . In this study, 13 sulfur compounds were identified. In particular, dimethyl disulfide 1 and 4-methylthiobutyl isothiocyanate 27 were present in concentrations that were substantial as observed in the MS total ion current chromatogram. Other small sulfide peaks remain unidentified. Table 1 Chemical compounds of volatile oil from Brassica rapa cv. "yukina".
the volatile oil from Brassica rapa cv. "yukina"
GC-O and AEDA
AEDA was performed through GC-O analysis in order to clarify the potent odourants contributing to the characteristic nut-pungent aroma of B. rapa 25 27 . Aroma-active compounds and their odor properties are given in Table 3 .
A comparison of the gas chromatogram obtained by GC-MS and the corresponding FD-chromatogram of the odor-contributing compounds is shown in Fig. 2 . On the basis of FDfactors, dimethyl tetrasulfide 19; FD 64; sulphury-cabbage , 3-phenylpropanenitrile 20; FD 64; nutty , 3-methylindole 24; FD 64; pungent , and methional 6; FD 32; potato were determined to be the most intense aroma-active compounds among the 12 compounds detected in B. rapa cv. yukina oil by AEDA. The main compound, E -1,5-heptadiene 4 , was less important among the aroma-active compounds of B. rapa cv. yukina . Therefore, higher FD-factors were often related to the aroma-active compounds, and the high FD-factor of the compounds may be caused by their high oil content. The sniffing test of the original volatile oil by GC-O is an effective method for determining the key aroma compounds. The data obtained from this study indicate that 3-methylindole affects the odorant intensity more strongly than other odor compounds do. It was revealed that dimethyl tetrasulfide produces the sulphury-cabbage odor, while 3-phenylpropanenitrile and 2-acetylthiazole are responsible for the nutty odor. 3-Methylindole and 2-phenylethyl isothiocyanate contribute to the pungent odor. In addition, methional renders a potato odor to the volatile oil in sniffing test.
Evaluation of the antioxidant activity of the volatile oil
The antioxidant activity of the volatile oil from B. rapa cv. yukina was evaluated by the ORAC assay test. During the ORAC assay, the decrease in fluorescence intensity was followed to monitor the decay of the fluorescence curve. Figure 3 shows the FL decay curve for the ORAC values in the volatile oil from B. rapa cv. yukina . This oil showed moderate to high activities of 785 30.9 μmol TE/g compared to that of butylated hydroxytoluene BHT , which is a known antioxidant 549.2 26.6 μmol TE/g . This suggests that isothiocyanates are involved in the antioxidant activity. These data confirm that the volatile oil from B. rapa cv. yukina is a good dietary sources of antioxidants.
In recent years, consumers have paid increasing attention to the health and nutritional benefits of plant parts. Antioxidant properties of volatile oils from many plants have also been of great interest to the food processing industry, owing to their possible use as natural additives, which has emerged from a growing tendency to replace synthetic antioxidants with natural ones. The data also suggest that this volatile oil may be a candidate for flavoring with functional properties in food or cosmetic products, with particular relevance for supplements in which free radicals are closely implicated 28 30 . Peroxyl radicals are major oxidative products of lipid peroxidation in biological the volatile oil from Brassica rapa cv. "yukina" studies are needed on the antioxidant capacity of the volatile oils, as measured by the ORAC methods.
In conclusion, the major components of the volatile oil from B. rapa cv. yukina were E -1,5-heptadiene 40.3 , 3-methyl-3-butenenitrile 26.0 , and 3-phenylpropanenitrile 12.4 . The investigation of the key aroma-active compounds revealed the usefulness of the plants of the Brassicaceae family as food. In addition, the essential oil shows antioxidant activity, as determined from the ORAC assay. Determination of the antioxidant activity of the essential oil is one avenue for its biological standpoint. The in vitro antioxidant activity of the volatile oil extracted from B. rapa cv. yukina suggests that this aromatic plant is a promising source of natural antioxidants.
